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ABSTRACT
We present observations of the 1.3 mm continuum emission toward hub-N and hub-S of the infrared dark
cloud G14.225–0.506 carried out with the Submillimeter Array, together with observations of the dust emission
at 870 µm and 350 µm obtained with APEX and CSO telescopes. The large scale dust emission of both hubs
consists of a single peaked clump elongated in the direction of the associated filament. At small scales, the SMA
images reveal that both hubs fragment into several dust condensations. The fragmentation level was assessed
under the same conditions and we found that hub-N presents 4 fragments while hub-S is more fragmented,
with 13 fragments identified. We studied the density structure by means of a simultaneous fit of the radial
intensity profile at 870 and 350 µm and the spectral energy distribution adopting a Plummer-like function to
describe the density structure. The parameters inferred from the model are remarkably similar in both hubs,
suggesting that density structure could not be responsible in determining the fragmentation level. We estimated
several physical parameters such as the level of turbulence and the magnetic field strength, and we found no
significant differences between these hubs. The Jeans analysis indicates that the observed fragmentation is
more consistent with thermal Jeans fragmentation compared with a scenario that turbulent support is included.
The lower fragmentation level observed in hub-N could be explained in terms of stronger UV radiation effects
from a nearby HII region, evolutionary effects, and/or stronger magnetic fields at small scales, a scenario that
should be further investigated.
Subject headings: ISM: clouds – stars: formation – ISM: individual objects (G14.225–0.506)
1. INTRODUCTION
One ubiquitous fact in the process of formation of
intermediate/high-mass stars is that they are usually found
associated with clusters of lower-mass stars (e. g., Pudritz
2002; Lada & Lada 2003). However, the process behind
the formation of such clusters is unclear as it remains am-
biguous how a cloud core fragments to finally form a clus-
ter. A common approach is to assume that the fragmenta-
tion is controlled by gravitational instability, where the ve-
locity dispersion is, at best, accounted for only as an extra
source of pressure support. In massive star-forming regions
several studies show that thermal fragmentation alone does
not account for the observed masses and/or core (fragment)
separation (e. g., Zhang et al. 2009; Bontemps et al. 2010;
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Pillai et al. 2011; Wang et al. 2011; Naranjo-Romero et al.
2012; van Kempen et al. 2012; Wang et al. 2014; Zhang et al.
2015; Liu et al. 2015). Most of these works only address
the formation of massive dense cores, which are far more
massive than the thermal Jeans mass, and thus do not fol-
low thermal Jeans fragmentation. However, in stellar clus-
ters, most of stars are low-mass stars and their masses are
related to thermal Jeans mass, as found by Takahashi et al.
(2013), Palau et al. (2015), and Teixeira et al. (2015), rais-
ing the question of what is controlling the fragmentation pro-
cess? The observational results suggest that cloud fragmenta-
tion leading to the formation of pre-stellar cores must be con-
trolled by a complex interaction of gravitational instability,
turbulence, magnetic fields, cloud rotation, and stellar feed-
back (e. g., Padoan & Nordlund 2002; Hosking & Whitworth
2004; Machida et al. 2005; Girart et al. 2013).
The infrared dark cloud (IRDC) G14.225–0.506 (hereafter
G14.2), also known as M17 SWex (Povich & Whitney 2010),
is part of an extended (77 pc×16 pc) and massive (>105 M⊙)
molecular cloud discovered by Elmegreen & Lada (1976) and
located southwest of the Galactic HII region M17. The dis-
tance to M17 has been recently determined through trigono-
metric parallaxes of CH3OH masers, to be 1.98+0.14−0.12 kpc(Xu et al. 2011; Wu et al. 2014). Similar local standard of rest
velocity (Elmegreen et al. 1979; Busquet et al. 2013) suggests
that the bright HII region M17 and the IRDC are located at the
same distance. The cloud is associated with star formation
activity as revealed by the presence of several H2O masers
(Jaffe et al. 1981; Palagi et al. 1993; Wang et al. 2006) and
intermediate-mass YSOs (Povich & Whitney 2010). Through
the analysis of near-/mid-infrared photometry Spitzer data,
Povich & Whitney (2010) report an absence of early O stars
and suggest a delay in the onset of massive star formation in
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the region, concluding that G14.2 represents a proto-OB as-
sociation that has not yet formed its most massive stars.
Recent high angular resolution observations of the NH3
dense gas, obtained by combining VLA and Effelsberg 100 m
data (Busquet et al. 2013), reveal a network of filaments con-
stituting two hub-filament systems. Hubs are associated with
H2O maser emission (Wang et al. 2006) and mid-infrared
sources (Povich & Whitney 2010). They appear more com-
pact, are warmer (Trot∼15 K) and show larger velocity dis-
persion and larger masses per unit length than filaments
(Busquet et al. 2013), suggesting that they are the main sites
of stellar activity within the cloud. In Figure 1 we provide a
general perspective of the cloud, showing the dense filaments
and hubs and their association with IR sources and/or water
masers.
In this paper we present 1.3 mm observations performed
with the Submillimeter Array (SMA11), 870 µm observations
carried out with the LABOCA bolometer at the APEX tele-
scope, and 350 µm observations with the SHARC II bolome-
ter at the Caltech Submillimeter Observatory (CSO), toward
the two hubs, dubbed hub-N and hub-S (see Fig. 1). These
observations are aimed at studying the cloud fragmentation
process that leads to the formation of dense core fragments.
Section 2 describes the observations and data reduction pro-
cess. In Section 3 we present the results of the dust continuum
emission observations, and their analysis is presented in Sec-
tion 4. We discuss the interplay between density, turbulence,
magnetic fields, UV radiation feedback, and evolutionary ef-
fects in the fragmentation process in Section 5. Finally, in
Section 6 we list the main conclusions.
2. OBSERVATIONS AND DATA REDUCTION
2.1. Submillimeter Array Observations
The observations were carried out with the SMA (Ho et al.
2004) between 2008 and 2015 in different array configura-
tions. Table 1 lists the observation dates, the configuration
used, the number of antennas, and the projected baselines for
each observing date. We performed a mosaic of 3 pointings
toward hub-S and of 2 pointings toward hub-N, covering an
area of ∼ 2′×1′ and ∼ 1′×1.′5, respectively (see blue contour
in Fig. 1).
For hub-S, the SMA correlator covered a 2 GHz bandwidth
in each of the two sidebands, which are separated by 10 GHz.
Each sideband is divided into 6 blocks, and each block con-
sists of 4 chunks, yielding 24 chunks of 104 MHz width per
sideband. For both compact and extended configurations the
correlator was set to the standard mode with 256 channels per
chunk, providing uniform channel spacing of 0.406 MHz (or
0.52 km s−1) per channel across the full bandwidth of 2 GHz.
On the other hand, for hub-N the observations were conducted
as filler projects in different runs using the 4 GHz receivers.
In this case, each sideband was divided into 12 blocks with 4
chunks of 104 MHz each. The configuration of the correla-
tor was different for each observing run. Table 1 summarizes
the details of the SMA correlator, listing the local oscillator
(LO) center frequency and the total bandwidth used to build
the continuum.
The zenith opacity (τ225 GHz), measured with the National
Radio Astronomy Observatory (NRAO) tipping radiometer
11 The Submillimeter Array is a joint project between the Smithsonian As-
trophysical Observatory and the Academia Sinica Institute of Astronomy and
Astrophysics, and is funded by the Smithsonian Institution and the Academia
Sinica.
Fig. 1.— Overview of the large scale structure of the G14.2 complex. White
contours represent the 3σ contour level (27 mJy beam−1 km s−1) of the
NH3 (1,1) integrated intensity map (Busquet et al. 2013). The NH3 synthe-
sized beam, 8.′′0×7.′′2 (P. A.= −15◦) is shown in the bottom left corner. Color
scale is the 8 µm Spitzer image. Red stars indicate IRAS sources in the field,
and pink crosses mark the position of H2O masers (Wang et al. 2006). Color
stars depict the positions of the YSOs identified by Povich & Whitney (2010)
where colors and symbols indicate the YSO evolutionary stage; three-point
red star: Stage 0/I (dominated by infalling envelope); four-point yellow star:
Stage II (optically thick circumstellar disk); five-point green star: Stage III
(optically thin disk); six-point cyan star: ambiguous (see Povich et al. 2009;
Povich & Whitney 2010 for further details on the YSOs classification). The
SMA field of view of the two regions mosaiced, hub-N and hub-S, are indi-
cated with the blue contour.
located at the Caltech Submillimeter Observatory, was stable
during the observations in the compact configurations, with
values ∼ 0.1-0.2, and around 0.1 during the observations in
the extended and very extended configurations.
The visibility data were calibrated using the standard pro-
cedures of MIRIAD (Sault et al. 1995). Information on the
calibrators used is given in Table 1. The flux calibration is
estimated to be accurate within ∼ 20 %.
The continuum was constructed from the line-free channels
in the visibility domain. To produce the CLEANed single im-
ages of the two hubs, we used the tasks “invert” (option mo-
saic), “mossdi”, and “restor” as recommended in the MIRIAD
users guide12 (Sault et al. 1995). The final combined images
were obtained by weighting the visibilities in inverse propor-
tion to the noise variance. We summarize the basic parameters
(synthesized beam and rms noise level) of the different maps
in Table 2. In this work we focus on the dust continuum emis-
sion, leaving the analysis of the molecular line emission for a
12 http://www.atnf.csiro.au/computing/software/miriad/userguide/userhtml.html
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TABLE 1
SMA observational parameters
Source Date Configuration Number Proj. baselines Gain Bandpass Flux νLOa Continuum bandwidth
of Antennas (m) calibrator calibrator (GHz) (GHz)
Hub-S 2008/06/29 compact 8 16–139 1733−130/1911−201 3c273/3c454.3 Uranus 221.98 3.6
Hub-S 2008/07/21 extended 7 44–226 1733−130/1911−201 3c273/3c454.3 Uranus 225.42 3.4
Hub-N 2011/04/19 compact 8 16– 77 1733−130/1924−292 3c454.3 Neptune 224.66 7.8
Hub-Nb 2015/04/04 extended 7 23–226 1733−130 3c273 Titan 225.42 7.6
Hub-N 2014/08/21 very extended 5 68–432 1733−130 3c279 Ceres 225.47 8.0
a Center local oscilator frequency.
b Data taken with the new correlator SWARM, although only data belonging to the old ACIS correlator are used in this work.
TABLE 2
SMA imaging parameters
Source Configuration θLASa Synthesized beam Rms noiseb
FWHM, P. Ac
(arcsec) (arcsec, ◦) (mJy beam−1)
Hub-S compact 7 3.′′09 × 2.′′28, 57◦ 2.8
Hub-S extended 3 1.′′23 × 1.′′09, −5◦ 1.2
Hub-S combined 7 1.′′53 × 1.′′41, 35◦ 1.0
Hub-N compact 7 4.′′13 × 2.′′75, 35◦ 2.0
Hub-N extended 4 1.′′40 × 0.′′97, −62◦ 2.0
Hub-N very extended 2 1.′′57 × 0.′′46, −79◦ 3.5
Hub-N combined 7 1.′′46 × 0.′′46, −78◦ 1.0
a Largest angular structure to which an interferometer is sensitive
[θLAS/arcsec]=91.02[umin/kλ]−1 , where umin is the shortest baseline
(Palau et al. 2010).
b Root-mean-square noise level of the continuum data.
c FWHM: full-width at half-maximum; P. A.: position angle.
forthcoming paper.
2.2. APEX Observations
Continuum observations at 870 µm were carried out us-
ing LABOCA bolometer array, installed on the Atacama
Pathfinder EXperiment (APEX13) telescope. The array con-
sists of 259 channels, which are arranged in 9 concentric
hexagons around the central channel. The field of view of
the array is 11.′4, and the angular resolution of each beam is
18.′′6 ± 1′′.
The data were acquired on 2008 August 24 and 31 dur-
ing the ESO program 081.C-0880A, under excellent weather
conditions (zenith opacity values ranged from 0.15 to 0.24 at
870 µm). Observations were performed using a spiral raster
mapping. This observing mode consists of a set of spirals
with radii between 2′ and 3′ at a combination of 9 and 4 raster
positions separated by 60′′ in azimuth and elevation, with an
integration time of 40 seconds per spiral. This mode provides
a fully sampled and homogeneously covered map in an area
of 15′×15′. The final map consisted of a mosaic of two points
centered at α(J2000)=18h18m17s.5, δ(J2000)=16◦44′00.′′0,
and α(J2000)=18h18m17s.5, δ(J2000)=16◦57′00.′′0, respec-
tively. The total on-source integration time was ∼ 2 hours
per position. Calibration was performed using observations of
Mars as well as secondary calibrators. The absolute flux cal-
ibration uncertainty is estimated to be ∼ 8 %. The telescope
13 This work is partially based on observations with the APEX tele-
scope. APEX is a collaboration between the Max-Plank-Institute für Ra-
dioastronomie, the European Southern Observatory, and the Onsala Space
Observatory.
pointing was checked every hour, finding a rms pointing ac-
curacy of 2′′. Focus settings were checked once per night and
during the sunset.
We reduced the data using MiniCRUSH software package
(see Kovács 2008). The pre-processing steps consisted of
flagging dead or cross-talk channels frames with too high tele-
scope accelerations and with unsuitable mapping speed, as
well as temperature drift correction using two blind bolome-
ters. Data reduction process included flat-fielding, opacity
correction, calibration, correlated noise removal (atmospheric
fluctuations seen by the whole array, as well as electronic
noise originated in groups of detector channels), and de-
spiking. Every scan was visually inspected to identify and
discard corrupted data. The final map was smoothed to a final
angular resolution of ∼ 22′′, and the rms noise level achieved
was 25 mJy beam−1. In this paper we focus our attention
on the dust emission associated with the two hubs, hub-N
and hub-S, identified using high angular resolution NH3 data
(Busquet et al. 2013). The analysis of the entire cloud will be
the subject of a forthcoming paper.
2.3. CSO SHARC II 350 µm
High angular resolution continuum observations at 350 µm
were carried out using the SHARC II bolometer array, in-
stalled on the Caltech Submillimeter Observatory (CSO14).
The array consists of 12×32 pixels (approximately 85 % of
these pixels work well). The simultaneous field of view pro-
vided by this array is 2.′59 × 0.′97, and the diffraction limited
beam size is ∼ 9′′.
The data were acquired on 2014 March 26 (τ225 GHz≃0.08).
The telescope pointing and focusing were checked ev-
ery 1.5–2.5 hours. Mars was observed for the abso-
lute flux calibration, with a flux calibration uncertainty
of ∼ 20 %. We used the standard 10′ × 10′ on-the-
fly (OTF) box scanning pattern, centered on the two posi-
tions α(J2000)=18h18m13s.99; δ(J2000)=−16◦51′00.′′40, and
α(J2000)=18h18m13s.997; δ(J2000)=−16◦59′00.′′40. The fi-
nal map covered an area of 20′ × 10′. The total on-source
time was 30 minutes for each of these two pointings. Data
calibration was performed using the CRUSH software pack-
age (Kovács 2008). The final map was smoothed to an an-
gular resolution of 9.′′6 and the rms noise level achieved was
∼ 85 mJy beam−1.
3. RESULTS
3.1. Dust emission at 0.1 pc scale
14 This work is based upon work at the Caltech Submillimeter Observatory,
which is operated by the California Institute of Technology.
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TABLE 3
Parameters of hubs from APEX-LABOCA 870 µm and CSO-SHARC II 350 µm observations
α(J2000.0) δ(J2000.0) Ipeakν Sν Deconvolved Size P.A.
Source (h:m:s) (◦:′:′′) (Jy beam−1) (Jy) (arcsec) (pc) (◦)
870 µm
hub-N 18:18:12.62 −16:49:34.0 6.4±0.1 24.7±2.2 57.7×33.2 0.6×0.3 7.2
hub-S 18:18:13.10 −16:57:20.3 4.5±0.1 20.0±1.9 63.0×33.4 0.6×0.3 81.5
350 µm
hub-N 18:18:12.53 −16:49:28.2 17.0±0.2 111.6±7.7 30.3×20.7 0.3×0.2 164.4
hub-S 18:18:13.06 −16:57:19.2 10.1±0.2 81.3±7.5 29.9×20.9 0.3×0.2 71.8
Figure 2 (left panel) and Fig. 3 (top panel) show the dust
emission at 870 µm (blue dashed contours) and 350 µm (grey
scale) obtained with the APEX and the CSO telescopes to-
ward hub-N and hub-S, respectively. The smaller scale struc-
ture of the dust continuum emission follows the larger scale
filaments seen in extinction, i. e., hub-N appears elongated in
the north-south direction. Similarly, the large scale dust con-
tinuum emission of hub-S appears elongated along the east-
west direction. The morphology of the dust emission resem-
bles that of the dense gas traced by NH3 (Busquet et al. 2013).
Table 3 summarizes the main physical parameters of the dusty
envelope of both hubs, listing their peak position, peak inten-
sity, and flux density. The deconvolved size was obtained by
fitting a 2-dimensional Gaussian function. The two hubs have
the same size, 0.6 × 0.3 pc at 870 µm and 0.3 × 0.2 pc at
350 µm. Note that the peak positions at 870 and 350 µm are
offset from each other by ∼ 6′′ in hub-N and ∼ 3′′ in hub-S.
This is most likely due to pointing errors. Further details on
the physical properties of hubs are presented in Section 4.1
where we model the radial intensity profile and the spectral
energy distribution of each hub.
3.2. Dust emission at 0.03 pc scale
In this section we present first the results obtained with the
SMA in the compact configuration with an angular resolution
of ∼ 3′′ − 4′′, corresponding to ∼ 0.03 pc at the distance of
the source. Then, in Sect. 3.3 we show the images of each
hub obtained by combining all configurations. This allows
us to obtain high angular resolution maps (∼ 1.′′5) at the best
possible sensitivity. From these maps, we used a 6σ threshold
to identify the millimeter condensations in each hub, with σ
being the rms noise level and requesting that the 6σ contour
level is closed.
Figure 2 (left panel) and Fig. 3 (top panel) present the SMA
1.3 mm continuum emission (in white contours) obtained with
the compact configuration toward hub-N and hub-S, respec-
tively. At a similar angular resolution and similar sensitivity,
2-3 mJy beam−1, the dust envelopes of both hubs appear frag-
mented into dust cores. We detected 3 and 7 compact con-
tinuum condensations above a 6σ contour level toward hub-N
and hub-S, respectively, in the compact configuration.
In hub-N, most of the 1.3 mm emission arise from a bright
source, MM1, located at the peak of the single-dish submil-
limeter dust emission. This appears to be elongated along the
north-south direction with a position angle of 7◦, similar to the
large scale 870 µm emission (see Table 3). There are two faint
and more flattened millimeter condensations associated with
hub-N: MM2 located about 46′′ south of MM1, and MM3
located ∼ 12′′ south-east of MM1. All millimeter condensa-
tions in hub-N are deeply embedded within the dust envelope
and the NH3 (1,1) dense gas emission.
The 1.3 mm SMA continuum emission of hub-S consists of
7 continuum condensations, 4 of them clustered around the
peak position of the large scale envelope, forming a snake-
shape structure of about 25′′ (Fig. 3-top panel). From west to
east the millimeter condensations are labeled as MM2, MM3,
MM4, and MM5.
3.3. Dust emission at 0.01 pc scale
The higher angular resolution images (∼ 1.′′5) reveal that
both hubs fragment further. The resulting 1.3 mm continuum
maps are presented in Fig. 2 (right panel) and Fig. 3 (bottom
panel), which were obtained using all available SMA config-
urations. The sensitivity of the final SMA images is the same:
1 mJy beam−1. At a 6σ level, this sensitivity corresponds to
a mass sensitivity of 0.7 M⊙, assuming a dust temperature of
17 K (see below), a gas-to-dust mass ratio of 100, and a dust
mass opacity coefficient at 1.3 mm per unit mass density of
dust and unit length of 0.899 cm−2 g−1, which corresponds to
coagulated grains with thin ice mantles in cores of densities
∼ 106 cm−3 (Ossenkopf & Henning 1994). We then identi-
fied sources having peak fluxes above the 6σ rms noise level.
The number of millimeter continuum condensations in hub-N
is 9 while in hub-S the number of millimeter condensations
is 17. In Table 4 we report the identified condensations for
each hub, listing their position, peak flux, total flux density,
and deconvolved size obtained for a 2-dimensional Gaussian
fitting, when possible. For those sources that cannot be fitted
with a Gaussian function we estimated the flux density by in-
tegrating the emission above the 4σ level. We additionally re-
port the association of a dust millimeter source with a near-IR
source, and the presence of infrared excess at 4.5 µm accord-
ing to the catalog of Povich & Whitney (2010), as well as its
association with H2O maser emission (Wang et al. 2006).
As can be seen in the close-up image of hub-N (Fig. 2-right
panel) the high angular resolution map shows that in addition
to MM2 and MM3, the strongest millimeter continuum source
MM1, which has a peak intensity of 56 mJy beam−1, breaks
up in 6 additional sources. The strongest source MM1a is as-
sociated with a H2O maser spot (Wang et al. 2006). There are
two sources located north of MM1a, labelled as MM1e and
MM1f, and three faint sources south of MM1a, labelled as
MM1b, MM1c, and MM1d. MM1f is associated with a YSO,
identified in the Spitzer image by Povich & Whitney (2010),
in Stage 0/I of evolution, which means it is dominated by an
infalling envelope. Moreover, this source presents a 4.5 µm
excess (Povich & Whitney 2010). Sources with this feature
are typically called “Extended Green Objects” (EGOs) and
is due to protostellar outflow activity, indicating that MM1f
could be a massive YSO candidate (Cyganowski et al. 2008).
We detected an additional source, called MM1g, which lies
about 5.′′6 south east of MM1a whose emission is very com-
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Fig. 2.— Left: Contour map of the dust emission at 1.3 mm obtained with the SMA compact configuration (white contours, angular resolution ∼4′′) of G14.2-
hub-N overlaid on the dust emission at 350 µm from the CSO SHARC II bolometer (grey scale) and at 870 µm from LABOCA bolometer at the APEX telescope
(dashed contours). Contours at 1.3 mm start at 3σ and increase in steps of 3σ, where σ is the rms of the map listed in Table 1. Blue dotted contour corresponds to
the −3σ contour level. The dashed contours at 870 µm start at 3σ rms level and increase in steps of 20σ, where σ is 25 mJy beam−1. The CSO 350 µm grey-scale
image start at 2 % of the maximum, with levels increasing in 10 % of the maximum value. The synthesized beam of the SMA image is shown in the bottom
left corner of the image. Right: Close-up of the MM1 and MM3 millimeter sources that show the SMA 1.3 mm continuum emission obtained by combining all
configurations. The red thick contour level denotes the 6σ level used to identify the continuum sources. Contours range from 3 to 21σ in steps of 3σ, and from
21 to 51σ in steps of 10σ, where σ is the rms of the map listed in Table 1. Dashed contours represent the NH3 (1,1) integrated intensity emission (Busquet et al.
2013) and the grey scale is the 350 µm image. The synthesized beam (1.′′43 × 0.′′80, P. A.= −54◦) is shown in the bottom left corner of the image. Symbols are
the same as in Fig. 1.
pact and faint. While MM3 is still detected in the high-angular
resolution map, the emission of MM2, detected only at a 4σ
level, is filtered out due to a combination of a faint and flat-
tened structure.
Regarding the high angular resolution 1.3 mm image of
hub-S, Fig. 3 (bottom panel) shows that the snake-shape struc-
ture located at the center of the image, which consisted in 4
fragments in the compact configuration, breaks up into 7 con-
densations. The strongest and compact source MM5a is as-
sociated with a H2O maser (Wang et al. 2006) and MM5b has
its peak position very close to a YSO in the Stage 0/I of evolu-
tion that presents an excess in the 4.5 µm Spitzer band. MM1a
and MM1b lie at the border of the dust envelope, about 15′′
to the west of MM5a. The brightest source, MM1a, is associ-
ated with an infrared source classified by Povich & Whitney
(2010) as a YSO in the Stage 0/I of evolution (i. e., domi-
nated by an infalling envelope). MM6 splits in two sources
separated 2.′′2, and MM7 breaks up in three sources, MM7a
is the strongest one, and MM7b and MM7c are 3′′ and 6′′
to the south, respectively. The higher sensitivity of the com-
bined map allowed to detect two additional sources, MM8 and
MM9, with a high-enough signal-to-noise ratio.
Assuming that the dust emission at 1.3 mm is optically
thin and that the temperature distribution is uniform, we es-
timated the mass of each millimeter condensation adopting
a gas-to-dust ratio of 100 and using the dust mass opac-
ity coefficient at 1.3 mm per unit mass density of dust and
unit length of 0.899 cm2 g−1 (Ossenkopf & Henning 1994).
In both hubs, the rotational temperature obtained from NH3
observations is 15 K (Busquet et al. 2013). We converted
Trot to gas kinetic temperature using the expression provided
by Tafalla et al. (2004), and obtained Tkin≃17 K. Assuming
Tkin=Td the masses of the continuum sources are estimated
to be in the range 1 − 13 M⊙ in hub-N and 0.7 − 18 M⊙ in
hub-S. We report the mass of each millimeter condensation in
Table 4. Due to the uncertainty in the dust mass opacity co-
efficient, the values of the derived masses are good to within
a factor of 2. While in hub-N only MM1a has a mass larger
than 10 M⊙, in hub-S there are four sources with M > 10 M⊙.
The sum of all mass estimated from the 1.3 mm dust contin-
uum emission is 34.2 M⊙ and 95.1 M⊙ in hub-N and hub-S,
respectively. It is worth noting that the mass of all millime-
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Fig. 3.— Top: Same as Fig. 2 but for G14.2-hub-S. Contours at 1.3 mm start at 3σ and increase in steps of 3σ, where σ is the rms of the map listed in Table 1.
Bottom: Contour map of the SMA dust emission at 1.3 mm toward G14.2-hub-S obtained by combining the compact and extended configuration observations
(angular resolution ≃ 1.′′5) overlaid on the dust emission at 350 µm from the CSO SHARC II bolometer (grey scale) and the NH3 (1,1) integrated intensity map
(dashed contours) from Busquet et al. (2013). Contours at 1.3 mm range from 3 to 30σ increasing in steps of 3σ, and from 30 to 60σ in steps of 10σ, where σ is
the rms of the map listed in Table 1. Blue dotted contour corresponds to the −3σ contour level. The red thick contour level denotes the 6σ level used to identify
the continuum sources. The SMA synthesized beam is shown in the bottom left corner of each image. Symbols are the same as in Fig. 1.
ter condensations, except for MM2 in hub-N, have been mea-
sured using the combined image.
3.4. Fragmentation level
In the previous sections we have shown the SMA maps at
different resolutions. Now, the aim is to estimate the frag-
mentation level in each hub. To do so, we need first to obtain
images with the same angular resolution to be easily com-
parable. We then performed the imaging of each hub using
a common uv-range of visibilities (8-160 kλ). The observa-
tions of hub-N have more visibilities at longer uv-distances
than hub-S, which results in a slightly smaller beam, espe-
cially in one direction (roughly the north-south direction), so
we convolved the map to the beam obtained for hub-S (i. e.,
1.′′53 × 1.′′41). In addition, since our SMA observations con-
sist of a small mosaic instead of a single pointing, and the
total field of view of each hub is different, we need to de-
fine a region in which we can evaluate in a consistent way
the fragmentation level in each hub. The typical radii of com-
pact and embedded clusters and subclusters lie in the range
0.1 − 0.2 pc (e. g., Testi et al. 1999; Alexander & Kobulnicky
2012; Kuhn et al. 2014). Then, we defined a radius of 0.15 pc,
which corresponds to a region of ∼ 30′′ at the distance of the
source. In Fig. 4 we present the 1.3 mm continuum emission
in a field of view of 30′′ for hub-N (left panel) and hub-S
(right panel). Adopting this field of view and the 6σ detection
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TABLE 4
SMA 1.3 mm continuum sources for the two hubs
Source_ID Positiona Ipeakν Sν Deconvolved Size P.A. MH2 near-IRb H2O c 4.5 µm b
α(J2000.0) δ(J2000.0) (mJy beam−1) (mJy) (arcsec) (AU×AU) (◦) (M⊙) source? maser? excess?
Hub-N
MM1a 18:18:12.32 −16:49:28.1 56.4±0.9 118.3±2.7 0.8×0.7 1630×1380 99 13.0 . . . √ . . .
MM1be 18:18:12.30 −16:49:28.7 9.2±0.2 9.6±0.8 . . . < 2890 . . . 1.1 . . . . . . . . .
MM1ce 18:18:12.32 −16:49:31.9 6.6±0.4 10.0±2.5 . . . < 2890 . . . 1.1 . . . . . . . . .
MM1de 18:18:12.33 −16:49:30.5 6.7±0.5 10.1±1.8 . . . < 2890 . . . 1.1 . . . . . . . . .
MM1ee 18:18:12.37 −16:49:26.9 11.0±1.2 25.2±0.7 . . . < 2890 . . . 2.8 . . . . . . . . .
MM1f 18:18:12.33 −16:49:25.3 14.0±0.8 59.2±4.5 2.5×0.8 4950×1650 111 6.5 √. . . √
MM1g 18:18:12.71 −16:49:30.1 6.4±0.9 9.2±0.3 0.8×0.3 1630× 510 83 1.0 . . . . . . . . .
MM2d 18:18:12.67 −16:50:14.3 16.9±2.2 33.1±6.3 4.1×2.6 8120×5150 68 3.6 . . . . . . . . .
MM3 18:18:13.05 −16:49:41.3 18.1±0.9 36.2±2.6 0.9×0.6 1780×1190 97 4.0 . . . . . . . . .
Hub-S
MM1a 18:18:11.36 −16:57:28.6 17.4±0.2 44.3±0.8 2.0×1.7 3920×3360 119 4.9 √ . . . . . .
MM1b 18:18:11.61 −16:57:29.8 8.6±0.2 28.9±0.9 2.9×1.6 5760×3170 103 3.2 . . . . . . . . .
MM2 18:18:12.43 −16:57:22.6 23.1±0.3 83.3±1.0 2.5×2.2 4960×4360 117 9.2 . . . . . . . . .
MM2be 18:18:12.63 −16:57:22.8 9.6±0.3 8.8±1.7 . . . < 2800 . . . 1.0 . . . . . . . . .
MM3a 18:18:12.42 −16:57:25.7 12.4±0.2 48.9±1.1 2.3×2.0 4550×3960 168 5.4 . . . . . . . . .
MM3be 18:18:12.52 −16:57:27.9 6.3±0.2 6.2±1.5 . . . < 2800 . . . 0.7 . . . . . . . . .
MM4 18:18:12.84 −16:57:20.3 43.6±0.2 136.6±0.9 2.8×1.5 5600×2970 111 15.1 . . . . . . . . .
MM5a 18:18:13.34 −16:57:24.1 56.1±0.2 161.2±0.8 2.2×1.8 4430×3530 93 17.8 . . . √ . . .
MM5b 18:18:13.15 −16:57:22.8 26.2±0.3 105.2±1.1 3.4×1.8 6670×3600 148 11.6 √ . . . √
MM5ce 18:18:12.90 −16:57:24.0 7.9±0.4 7.6±0.5 . . . < 2800 . . . 0.8 . . . . . . . . .
MM6a 18:18:13.40 −16:57:12.2 11.3±0.3 59.9±1.4 3.5×2.6 6940×5240 29 6.6 . . . . . . . . .
MM6be 18:18:13.38 −16:57:14.4 7.3±0.5 6.6±0.8 . . . < 2800 . . . 0.7 . . . . . . . . .
MM7a 18:18:13.92 −16:57:11.7 25.6±0.2 94.3±1.1 2.9×1.9 5750×3880 28 10.4 . . . . . . . . .
MM7be 18:18:13.95 −16:57:15.0 10.1±0.7 19.5±1.2 . . . < 2800 . . . 2.1 . . . . . . . . .
MM7ce 18:18:13.97 −16:57:18.0 9.9±1.8 14.9±1.5 . . . < 2800 . . . 1.6 . . . . . . . . .
MM8 18:18:14.86 −16:57:14.9 7.3±0.2 25.8±1.0 2.9×1.8 5870×3490 131 2.8 . . . . . . . . .
MM9 18:18:15.93 −16:57:19.2 5.8±0.3 11.3±0.6 2.0×0.9 3930×1750 60 1.2 . . . . . . . . .
a Source positions determined from a 2D Gaussian fit. Units of R. A in (h:m:s) and Decl. in (◦:′:′′).
b near-IR source or 4.5 µm Spitzer excess reported by Povich & Whitney (2010).
c H2O maser detected (Wang et al. 2006).
d Properties of MM2 determined using the SMA image at 4′′ resolution.
e A 2D gaussian cannot be fitted and the peak intensity and total flux density were obtained by integrating the emission within the 4σ contour level.
threshold, we found 4 fragments in hub-N and 13 fragments
in hub-S. These values are listed in Table 6. Therefore, us-
ing the proper comparison we still clearly see that hub-S has
a higher fragmentation level than hub-N.
4. ANALYSIS
4.1. Radial Intensity Profiles
Recently, Palau et al. (2014) studied the relation between
the fragmentation level and the density structure in a sample
of 19 massive dense cores selected to be in a similar evolu-
tionary stage, i. e., all regions harbor intermediate/high-mass
protostars deeply embedded in massive dense cores that have
not yet developed an ultra-compact HII region, hence compa-
rable to our targets hub-N and hub-S. They find a weak (in-
verse) trend of fragmentation level and density power-law in-
dex, with steeper density profiles tending to show lower frag-
mentation and vice-versa. One of the main results of this work
is that, within a given radius, the fragmentation level increases
with average density as a combination of flat density profile
and high central density. A comparison with magnetohydro-
dynamic simulations (Commerçon et al. 2011) suggests that
the cores showing no fragmentation could be related with a
strong magnetic field. In a follow-up work using the same
sample of massive dense cores, Palau et al. (2015) analyze
whether the fragmentation level can be explained by turbulent
or thermal support, and conclude that the observed fragmen-
tation level is more consistent with pure thermal Jeans frag-
mentation than fragmentation including turbulent support.
In order to investigate whether the differences of the frag-
mentation level in hub-N and hub-S could be explained in
terms of the density structure of the envelope, we applied the
model presented in Palau et al. (2014) to fit simultaneously
the radial intensity profile at 870 µm and 350 µm and the
spectral energy distribution (SED) assuming spherical sym-
metry. It is important to mention that both hubs are embedded
in filamentary structures, and thus the radial profile along the
filament’s main axis has contributions from the filament and
the hub. Since we are interested in modelling the structure of
the hub, not the filament, we extracted the radial profiles in
the direction perpendicular to the filament main axis to avoid
contamination from the filament itself at large distances. The
radial intensity profiles at 870 µm and 350 µm were obtained
in rings of 10′′ and 6′′ width, respectively, as a function of the
projected distance from the clump center. The radial inten-
sity profiles of hub-N and hub-S at 870 µm and 350 µm are
presented in Fig. 5.
The SED of each hub was built considering the flux density
at 350 and 870 µm from this work, and the flux densities mea-
sured by the ESA Herschel Space Observatory (Pilbratt et al.
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Fig. 4.— Contour map of the SMA dust emission at 1.3 mm toward hub-N (left) and hub-S (right) showing a field of view of ∼ 30” ∼ 0.3 pc. Note that for hubN
the combined map has been convolved to the same beam as the hub-S image for an easy comparison of the fragmentation level in each hub. The synthesized
beam, 1.′′53 × 1.′′41, is shown in the bottom left corner of each image. Contours and symbols are the same as in Fig. 2 and Fig. 3. The 6σ rms level is indicated
by the red thick contour.
2010) in the framework of the Herschel infrared Galactic
Plane Survey (Hi-GAL) project, which performed an unbi-
ased photometric survey of the Galactic plane in five photo-
metric bands: 70, 160, 250, 350, and 500 µm (Molinari et al.
2010b). The Herschel fluxes have been measured follow-
ing the standard procedures described in the Hi-GAL ar-
ticles (Molinari et al. 2010a; Elia et al. 2013) using CuTEx
(Molinari et al. 2011) by means of a 2-D Gaussian fit of the
source brightness profile independently at each band. The
fluxes at 870 µm and 350 µm obtained with the APEX and
CSO telescopes, respectively, were estimated within a radius
of 22′′ and 10′′, respectively. At 350 µm we used both the
Herschel and the CSO values.
In the present model, we describe the density structure us-
ing a Plummer-like function of the form
ρ(r) = ρc
1 +
(
r
rc
)2
−p/2
(1)
where ρc is the central density, rc is the radius of the flat inner
region, and p is the asymptotic power index.
The temperature was assumed to be a power-law of radius
T = T0
(
r
r0
)−q
, (2)
where q = 2/(4 + β). We assumed a dust opacity law as a
power-law of frequency with index β, κν = κ0(ν/ν0)β, where
ν0 is an arbitrary reference frequency. At ν0 = 230 GHz, we
used the dust mass opacity coefficient adopted in Sect. 3.3.
We adopted a constant temperature of 8 K for radii larger
than the radius where the temperature distribution of index −q
drops to 8 K. We stress that a minimum temperature of 10 K
does not alter the results. Concerning the density distribution,
we adopted, as a maximum radius of the envelope, the radius
for which the envelope density achieved a value comparable
to that of the ambient gas of the intecore medium, taken to be
5 × 103 cm−3, the same value adopted in Palau et al. (2014).
The model has five free parameters: the dust emissivity in-
dex β, the envelope temperature T0 at the reference radius r0,
the envelope density ρ0 extrapolated to the reference radius
r0, the radius of the inner region where density is flat (in units
of r0) rc/r0, and the density power law index p. The reference
radius r0 is arbitrary and has been taken as r0 = 1000 AU.
It is important to remark that ρ0 is not the actual density at
r0, but the value given by the asymptotic density power law,
ρ0 = ρc(r0/rc)−p. In fact, if r0 < rc, the density ρ0 is higher
than the maximum density ρc. Only in the case r0 ≫ rc does
the density ρ0 correspond to the actual density at r = r0.
We used this model to fit simultaneously the observed radial
intensity profiles at 870 µm and 350 µm and the observed
SED. We adopted an uncertainty in the radial intensity profiles
at both 870 and 350 µm of 20 %. The uncertainty of the flux
densities used in the SED was 20 % at all wavelengths, plus an
additional 20 %, added quadratically, for the 70 and 160 µm
values (the PACS data). Note that SHARC II and LABOCA
instruments cannot detect structures larger than 1′ scale.
For each set of model parameters we computed the inten-
sity map at 870 µm and 350 µm and convolved it with a Gaus-
sian of the size of the beam of the telescope used in the ob-
servation. The intensity profile was obtained from the con-
volved map, and compared with the circularly averaged ob-
served radial intensity profiles. On the other hand, in order
to compare the model with the observed SED, we computed
the model flux density by integration of the model intensity
profile within the aperture used to estimate the flux for each
data point.
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Fig. 5.— Best fits for hub-N (top panels) and hub-S (bottom panels). The left and middle panels show the radial intensity profiles at 870 and 350 µm. Open
blue circles with error bars show the data, the solid black line shows the best-fit model, and the dashed red line shows the beam profile. The right panel shows
the spectral energy distribution. Blue open circles with error bars show the observed fluxes, and the open red circles show the model values integrated for the
same aperture than the observation. The continuous black line is the SED integrated up to the model envelope radius rmax (see Table 5). Note that SHARC II and
LABOCA cannot detect structures > 1′ scale.
The initial search ranges for the 5 parameters were β =
1.5 ± 1.5, T0 = 300 ± 300 K, ρ0 = (4.0± 4.0) × 10−16 g cm−3,
rc/r0 = 20 ± 20, and p = 1.5 ± 1. The search was car-
ried out for 13 loops, each loop consisting in 4000 samples
of the parameter space, with a search range reduced a fac-
tor 0.75 around the best-fit value of the parameters found for
the last loop. A second search was performed with the best
values found in the first run as starting values of the fit pa-
rameters. For this second run the initial search ranges were
0.2, 20 K, 2.0× 10−16 g cm−3, 8, and 0.15, for β, T0, ρ0, rc/r0,
and p, respectively, and the search range was reduced a fac-
tor 0.8 for each loop. We refer to the work of Palau et al.
(2014) for further details on the model and the fitting proce-
dure used to find the best-fit model (see also Estalella et al.
2012; Sánchez-Monge et al. 2013, for details on the χ2 mini-
mization).
Figure 5 shows the best fit to the 870 and 350 µm radial
intensity profile and the SED for hub-N (top panel) and hub-
S (bottom panel). The fitted parameters are reported in Ta-
ble 5. Interestingly, despite the fragmentation level being sig-
nificantly higher in hub-S than in hub-N, Table 5 shows that
the parameters inferred from the model are remarkably simi-
lar. The dust emissivity index is∼ 1.8–1.9, which corresponds
to a temperature power law index of q ≃ 0.34, consistent with
internal heating. The fitted temperature at 1000 AU is 51±2 K
and 45±2 K in hub-N and hub-S, respectively. The central
density, ρc, is (1.0–1.3)×10−18 g cm−3 and the radius of the
flat inner region is rc ≃ 0.1 pc. In Table 5 we also show the
radius where the density reaches 5× 103 cm−3 and the radius
where the temperature drops down to 8 K. In both hubs we
obtained the same index p ≃ 2.2 of the asymptotic density
power law.
4.2. General properties of the hubs
Once we obtained the best-fit model, we derived different
physical quantities, which are reported in Table 6. We es-
timated the total mass of each hub by integrating the model
intensity up to the radius where the density profile could be
measured. Within the errors, the mass of both hubs is essen-
tially the same, being slightly more massive hub-N than hub-
S. Given that we evaluated the fragmentation level within a
region of 0.15 pc in radius, we estimated the mass (M0.15 pc),
average density (n0.15 pc), and average temperature (T0.15 pc)
within a radius of 0.15 pc. As expected, the inferred values
in both hubs are remarkably similar. Note that T0.15 pc is 18 K
and 16 K in hub-N and hub-S, respectively, which is consis-
tent with the kinetic temperature, Tkin=17 K, derived using
the NH3 data (Busquet et al. 2013).
Given that our aim is to investigate the interplay between
the different physical agents acting during the fragmenta-
tion process, in the following we estimated some relevant
physical quantities to evaluate the relative importance of the
different forces within a region of 0.3 pc in diameter, the
region where we assessed the fragmentation level in each hub.
Velocity dispersion. We extracted the averaged NH3 (1,1)
spectrum of both hubs and fitted the hyperfine structure using
the CLASS package of the GILDAS software to measure
the NH3 (1,1) line width, ∆vobs, over a region of 0.3 pc of
diameter (i. e., 30′′). Within this region, infall and rotation
motions may contribute to the observed linewidth, which is
2.27 and 2.38 km s−1 in hub-N and hub-S, respectively. Thus,
in order to obtain the contribution due to turbulent motions
we estimated the velocity gradient within this region of
0.3 pc using the NH3 data and found 3.8 km s−1 pc−1, which
can be attributed to rotation and/or infall motions (see the
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TABLE 5
Best-fit parameters to the radial intensity profiles and SED
T0a ρ0a ρcb r8Kb rmaxb
Source βa (K) (g cm−3) rc/r0a pa χra (g cm−3) qb (pc) (pc)
hub-N 1.81 ± 0.08 51 ± 2 (1.3 ± 0.2) × 10−15 21 ± 4 2.24 ± 0.04 0.69 (1.4 ± 0.6) × 10−18 0.34 1.05 0.62
hub-S 1.89 ± 0.08 45 ± 2 (1.0 ± 0.2) × 10−15 20 ± 3 2.24 ± 0.04 0.76 (1.2 ± 0.5) × 10−18 0.34 0.79 0.57
a Free parameter fitted by the model: β is the dust emissivity index; T0 and ρ0 are the temperature and density at the reference radius r0 = 1000 AU; rc/r0
is the radius of the flat inner region in units of r0; p is the asymptotic power index; χr is the reduced chi-square, [χ2min/(n − 5)]1/2 .
b Parameters derived from the modeling: ρc is the central density, ρc = ρ0(rc/r0)−p; q is the temperature power-law index; r8K is the radius of the clump
where the temperature drops to 8 K; rmax is the radius at the assumed ambient density of 5 × 103 g cm−3.
TABLE 6
Properties of the two Hubs
Mtotc Lbolc M0.15 pcc n0.15 pcc T0.15 pcc MthJeans
d σ1D,nth
e MtotJeans
d
Source Nmma NIR/Nmmb (M⊙) (L⊙) (M⊙) (×105 cm−3) (K) (M⊙) (km s−1) (M⊙) Mf MAf λf βrotf
hub-N 4 1.7 979 ± 329 995 126 1.3 18 1.33 0.83 70 5.6 0.4 0.9 0.016
hub-S 13 0.4 717 ± 250 531 105 1.1 16 1.21 0.88 90 6.4 0.3 0.5 0.015
a Nmm is the number of fragments obtained within a field of view of 0.3 pc of diameter (see Section 3.4).
b Ratio between the number of IR sources without a millimeter counterpart within ∼ 0.3 pc, obtained from the catalog of Povich & Whitney (2010), over the number of millimeter
sources detected in this work.
c Parameters inferred from the modeling. Mtot is the mass computed from the model by integrating up to the radius where the density profile could be measured; Lbol is the
bolometric luminosity obtained by integration of the SED; M0.15 pc, n0.15 pc, and T0.15 pc are the mass, average density, and average temperature within a radius of 0.15 pc.
d MthJeans is the thermal Jeans mass for the temperature T0.15 pc and density n0.15 pc (Eq. 6 of Palau et al. 2015); MtotJeans is the total Jeans mass using the total (thermal + non-thermal)
velocity dispersion (Eq. 4 of Palau et al. 2015).
e σ1D,nth is the non-thermal turbulent component of the velocity dispersion estimated as σ1D,nth =
√
σ2
obs − σ2th using the NH3 (1,1) data.
f M is the Mach number defined as σ3D,nth/cs where σ3D,nth =
√
3σ1D,nth; MA is the Alfvén Mach number, expressed as
√
3σ1D,nth/vA where vA = Btot/
√
4piρ is the Alfvén
speed; λ = (M/ΦB)/(M/ΦB)cr is the mass-to-magnetic-flux ratio; and βrot is the rotational-to-gravitational energy ratio as defined in Chen et al. (2012) and derived using
NH3 (1,1) data.
derivation of the rotational-to-gravitational energy ratio for
further details) and subtract, in quadrature, this contribution
from the observed line width. The resulting values are 1.96
and 2.09 km s−1 in hub-N and hub-S, respectively. We sub-
sequently obtained the observed velocity dispersion, σ1D,obs,
and separate the thermal (σ1D,th) from the non-thermal
turbulent (σ1D,nth) contribution of the observed velocity
dispersion following the procedure described in Palau et al.
(2015) and using the average kinetic temperature within a
radius of 0.15 pc, which has been obtained from the model
(see Table 6). Once we derived the thermal contribution
of the velocity dispersion, σ1D,th =
√
κBT/(µmH) with
µ = 17 for NH3, which is ∼ 0.1 km s−1, we obtained the
non-thermal turbulent component, which is listed in Table 6.
The isothermal sound speed at the temperature of the two
hubs is cs ≃ 0.24 km s−1 and the total velocity dispersion,
defined as σ1D,tot =
√
c2s + σ
2
1D,nth, is ∼ 0.9 km s−1.
Mach number. We computed the Mach number M as in
Palau et al. (2015) and obtained a value of 5.6–6.4, which
means that hubs show supersonic non-thermal gas motions.
Jeans mass and Jeans number. We investigated whether the
fragmentation can be explained in terms of pure thermal Jeans
fragmentation and including both thermal and non-thermal
support adopting Equations (6) and (4) of Palau et al. (2015),
respectively. Using the average temperature and density
within a radius of 0.15 pc (listed in Table 6), we derived a
thermal Jeans masses of 1.3 M⊙ and 1.2 M⊙ for hub-N and
hub-S, respectively. The Jeans mass increases up to values
of 70 M⊙ and 90 M⊙ if we include the non-thermal support.
The number of expected fragments, NJeans, is given by the
ratio between the mass of each hub inside a region of 0.15 pc
in radius, M0.15 pc, and the Jeans mass, MJeans, scaled by a
core formation efficiency (CFE) to take into account that
not all the mass of the hub will be accreted and converted
into compact fragments (equation (7) of Palau et al. 2015).
Thus, to estimate the number of fragments we need first to
compute the CFE of each hub, which can be calculated from
the ratio of the sum of the masses of all fragments measured
with the SMA, listed in Table 4, and the total mass of the
hub obtained from the model and listed in column (4) of
Table 6. The values of the CFE are 3 % and 13 % for hub-N
and hub-S, respectively, consistent with the values reported
in other works (e. g., Bontemps et al. 2010; Palau et al. 2013,
2015; Louvet et al. 2014). Using the values of CFE, we
obtained that the number of expected fragments considering
pure thermal Jeans fragmentation is 3 and 12 fragments in
hub-N and hub-S, respectively, while if we add turbulent
support the expected number of fragments is smaller than
unity. Therefore, the observed number of fragments in each
hub is in very good agreement with pure thermal Jeans
fragmentation.
Alfvén Mach number. To evaluate the importance of
turbulence against the magnetic field we calculated the
Alfvén Mach number, MA, defined as MA =
√
3σ1D,nth/vA,
where vA = Btot/
√
4piρ is the Alfvén speed and Btot is the
total magnetic field. Recently, Santos et al. (in preparation)
has measured the angular dispersion factor of the magnetic
field and the sky-projected magnetic field strength through
near-infrared polarimetric data, which trace the magnetic
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field in the diffuse medium surrounding all filaments and
hubs previously identified in Busquet et al. (2013). For the
diffuse gas, the magnetic field is 0.3 mG in hub-N and 0.5 mG
in hub-S. If we now assume that we are in the magnetic field
controlled contraction regime, B ∝ n1/2H2 , the values of the
magnetic field extrapolated to the densities reported in Table 6
are 1.0 mG in hub-N and 1.5 mG in hub-S, which yields to
MA of 0.4 and 0.3 in hub-N and hub-S, respectively (see Ta-
ble 6). Clearly MA < 1, indicating sub-Alfvénic conditions,
even if we take into account the uncertainty in the derived
values of the sky-projected magnetic field, of the order of
50 %. Thus, magnetic energy dominates over turbulence.
Similar values are found by Pillai et al. (2015) towards two
massive IRDCs using submillimeter polarization data, and by
Franco et al. (2010) toward the Pipe nebula using optical data.
Mass-to-magnetic-flux ratio. The relevance of mag-
netic field with respect to the gravitational force can
be assessed by the mass-to-magnetic-flux ratio (M/Φ).
This ratio is expressed in terms of a critical value as
λ = (M/Φ)/(M/Φ)cr = 7.6 × 10−21[NH2/cm−2][Btot/µG]−1(Crutcher et al. 2004). For the column density, N(H2), we
used the mass obtained from the model within a region
of 0.3 pc of diameter. Assuming spherical symmetry
NH2 = M/(2mHpiR2), we obtained N(H2)= 1.1 × 1023,
and 0.9×1023 cm−2 in hub-N and hub-S, respectively. The
resulting mass-to-flux ratio are 0.9 and 0.5 in hub-N and
hub-S, respectively (see Table 6). Taking into account the
uncertainty associated with the sky-projected magnetic field
strength, the mass-to-flux ratio is close to unity, as expected,
since there is ongoing star formation activity in these hubs,
and hence part of the mass has already been accreted onto the
protostars. Although global gravitational collapse is certainly
expected in these hubs, magnetic field cannot be ignored.
Rotational-to-gravitational energy ratio. Finally, we com-
puted the rotational-to-gravitational energy ratio, βrot =
Erot/Egrav, following Equation (1) of Chen et al. (2012).
We used the velocity field map of NH3 (1,1) shown in
Busquet et al. (2013) and estimated the velocity gradient
within a region of 0.3 pc in diameter, finding similar values
in both hubs, around 3.8 km s−1 pc−1. Both rotation and in-
fall motions contribute to the observed velocity gradient, and
gravitational collapse is certainly expected in these two hubs
as they contain deeply embedded protostellar objects. How-
ever, with the current data we cannot separate the contribu-
tion due to rotation from that due to infall motions. As-
suming a mass infall rate of 10−5 − 10−3 M⊙/yr (Kirk et al.
2013; Peretto et al. 2013, 2014) we derived an infall velocity,
vinfall = ˙M/piR2 ρ, lying in the range of 0.015–0.15 km s−1.
The lack of information from molecular line observations pre-
vent us to estimate the velocity gradient due to infall or col-
lapse motions, and hence, we derived βrot assuming that the
observed velocity gradient is due only to rotation. The in-
ferred values are the same in both hubs, βrot = 0.02, which
is within the range of values observed in low- and high-mass
star-forming regions (e. g., Goodman et al. 1993; Chen et al.
2012; Palau et al. 2013). This value should be regarded with
caution as the velocity gradients used to estimate βrot was at-
tributed as due to rotation motions only but it may be affected
by the presence of several components and/or infall/outflow
motions. Nevertheless, this value is slightly above the thresh-
old value of 0.01 obtained in simulations of a rotating core
that could fragment if the rotational energy is large enough
compared to the gravitational energy (e. g., Boss 1999).
5. DISCUSSION
In the previous sections we showed that the two hubs as-
sociated with the IRDC G14.2 seem to be twin hubs. The
model applied to obtain the underlying density and temper-
ature structure of these hubs yield the same physical param-
eters, indicating a similar internal structure of the envelope
where the fragments are embedded in, and all the derived
quantities reported in Table 6 are notably similar as well.
However, they present different level of fragmentation, hub-S
being more fragmented than hub-N. With the aim of explor-
ing whether these two similar hubs undergo similar fragmen-
tation process, in this section we will discuss the interplay
between density structure, turbulence, magnetic field, UV ra-
diation feedback, and core evolution in the fragmentation pro-
cess.
5.1. Density structure, turbulent fragmentation, and
magnetic field
One of the main results of Palau et al. (2014), who stud-
ied the relation between the fragmentation level and the den-
sity structure in a sample of 19 massive dense cores, is that
there is a clear trend of fragmentation level increasing with
average density within a given radius as a result of flat den-
sity profile and high central density (see Fig. 6 of Palau et al.
2014), indicating that density structure plays an important role
in the fragmentation process. In Palau et al. (2014) the mas-
sive dense cores were observed with interferometers reaching
spatial scales down to 1000 AU, picking up only the most
compact fragments, and the region used to evaluate the frag-
mentation level was 0.05 pc in radius. Apparently, our re-
sults seem to be in contradiction with Palau et al. (2014) since
hub-N and hub-S show the same density structure but they
clearly present different fragmentation level, and according
to Palau et al. (2014) we should expect higher central density
and a steeper density profile in hub-N as it presents a lower
fragmentation level. However, in the present work we as-
sessed the fragmentation level in a region of 30′′ (i. e., 0.15 pc
in radius) and the SMA combined data is sensitive to struc-
tures of 3000-10000 AU, and hence sensitive to flattened con-
densations. Therefore, to properly compare our result with
the work of Palau et al. (2014) we evaluated the fragmenta-
tion level within the same field of view of Palau et al. (2014),
i. e., 0.1 pc of diameter, and we obtained 3–4 fragments in
each hub. From the results of the best-fit model obtained
in Section 4.1 the density at 0.05 pc is 2.9×105 cm−3 and
2.4×105 cm−3 in hub-N and hub-S, respectively. Including
these numbers in Fig. 6(c) of Palau et al. (2014) we can see
that the observed number of fragments in hub-N and hub-S,
Nmm ≃ 3−4, is in good agreement with the trend observed by
Palau et al. (2014), and the fragmentation level under these
conditions would be the same. This result suggests that the
fragmentation of most compact structures (which will prob-
ably form stars in the future) depends on the density struc-
ture while fragmentation including larger scales structures
(& 5000 AU) might be determined by different processes.
Thus, we conclude that the differences in the fragmentation
level at the scales measured in this work cannot be produced
by density and temperature structure of the hub, given that the
model results are similar.
The Jeans analysis performed in Section 4.2 revealed that
the fragmentation process can be explained without invoking
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turbulent support. In fact, as can be seen in Table 4, the most
massive cores have masses > 10 M⊙ which are closer to the
turbulent Jeans mass rather than thermal Jeans mass. On the
other hand, most cores have masses ∼ 1 M⊙ and are close
to thermal Jeans mass, which is consistent with the results
of Zhang et al. (2015) and Palau et al. (2015) regarding the
formation of massive dense cores and low-mass fragments,
respectively. Both the Jeans mass of most cores and the ex-
pected number of fragments point towards thermal Jeans frag-
mentation since the inclusion of turbulence as an additional
form of support implies the formation of 4-5 fragment at most
and a CFE higher than 100 % (see Palau et al. 2015 for further
discussion on CFE). Despite internal motions in both hubs be-
long to the supersonic regime, the level of turbulence at these
scales (from 0.01 to 0.15 pc) does not seem to play an im-
portant role in the fragmentation of these hubs. In particular,
the non-thermal velocity dispersion is ∼ 0.5 km s−1 in both
hubs, suggesting that the effects of turbulence are the same.
While turbulence at larger scales could be responsible for
the cloud fragmentation into filamentary structures, at smaller
scales gravity might be more relevant. In fact, Busquet et al.
(2013) show that the fragmentation of filaments constituting
the cloud complex IRDC G14.2 can be described by the frag-
mentation of an isothermal cylinder determined by thermal
pressure with a (small) additional contribution from turbulent
pressure. High angular resolution observations of molecular
lines would provide information on the relative velocity be-
tween the different cores embedded in the hub, which would
confirm the nature of the internal gas motions inside each core
(Busquet et al. in prep.).
Another important physical agent that presumably deter-
mines the fragmentation level in a cloud core is the magnetic
field. Observationally, Palau et al. (2013) investigate the ef-
fects of the magnetic field in a sample of dense cores and find
that the low-fragmented regions are well reproduced in the
magnetized core case, while the highly fragmented regions
are consistent with cores where turbulence dominates over
magnetic field as indicated by a comparison with magneto-
hydrodynamic simulations (Commerçon et al. 2011). Recent
studies toward high-mass star-forming regions also suggest
that magnetic field plays a crucial role during the collapse
and fragmentation of massive clumps and the formation of
dense cores (Zhang et al. 2015; Li et al. 2015). Regarding the
IRDC G14.2, as shown in Busquet et al. (2013), the network
of parallel filaments traced by the NH3 dense gas could be the
result of gravitational instability of a thin gas layer threaded
by magnetic fields. In particular, magnetic fields seem to play
an important role in the alignment of filaments as revealed
by the preliminary near-infrared polarization measurements
of a small part of the cloud. A follow up work of optical and
near-infrared polarization data, covering the entire group of
filaments, provides a measurement of the sky-projected field
strength in each hub (Santos et al. in prep.). The inferred val-
ues are similar, ∼ 1 mG in hub-N compared to 1.5 mG in
hub-S, and the derived Alfvén Mach numbers are smaller than
1, suggesting that during the fragmentation of the cloud core
the magnetic field is an important ingredient that should not
be ignored. Actually, Santos et al. show that magnetic fields
are tightly perpendicular to the dense filaments and hubs but
also to the cloud as a whole. However, polarization properties
could be different when tracing different scales, i. e., different
parts of the cloud (e. g., Alves et al. 2014), and hence the mag-
netic field deep into the dense hubs could be different from
that inferred from the near-infrared polarimetric data. This
might have the consequence that a stronger magnetic field
pervades hub-N relative to hub-S resulting hub-N undergo-
ing lesser fragmentation, a scenario that could be tested with
ALMA.
Therefore, the physical properties investigated in this sec-
tion, i. e., density structure, turbulence, and magnetic field,
are remarkably similar in both hubs. We stress that we as-
sumed that the magnetic field properties derived from optical
and near-infrared data hold deep into the dense hubs, so any
change in such properties, specially differences between the
two hubs, could lead to different level of fragmentation in this
region.
5.2. Evolutionary stage and UV radiation feedback effects
Another possible scenario that could explain the observed
differences in the fragmentation level would be the effects of
UV radiation from nearby high-mass stars and/or differences
in the evolutionary stage.
As shown in Fig. 1, hub-N is located near the infrared
source IRAS 18153–1651, which has a luminosity of ∼ 1.1 ×
104 L⊙ (Jaffe et al. 1982). The VLA 6 cm continuum emis-
sion reveal a cometary HII region ionized by a B1 star
with the head of the cometary arch pointing toward hub-N
(A. Sánchez-Monge 2012, private communication) that could
compress and heat the gas. In fact, Busquet et al. (2013) find
evidence for local heating in the western part of hub-N fac-
ing the HII region, and the position-velocity plot of the NH3
dense gas along hub-N unveils an inverted C-like structure
consistent with an expanding shell. Numerical simulations
suggest that radiative heating from nearby high-mass proto-
stars can strongly suppress fragmentation (e. g., Offner et al.
2009; Hansen et al. 2012; Myers et al. 2013). Radiative feed-
back from this IRAS source could thus explain why hub-N is
less fragmented than hub-S since an increase in temperature
would increase the Jeans mass and consequently the Jeans
number would be smaller. However, both temperature and
Jeans mass are extremely similar in these two hubs, suggest-
ing that radiative feedback does not seem to play a dominant
role in the fragmentation process of hub-N, and further ob-
servations are needed to investigate whether the UV radiation
from the nearby IRAS source is affecting the properties of
hub-N. Since molecular outflows are unknown in this region,
we cannot account for their feedback effects.
Finally, the evolutionary stage of these hubs could also lead
to the differences observed in the fragmentation level. We
searched infrared sources classified as candidate to YSO by
Povich & Whitney (2010) located within the SMA field of
view. In Figs. 2 and 3, we show the position and the evolu-
tionary stage (using different colors and symbols) of the YSOs
identified in each hub. Hub-N contains 14 infrared sources
whereas only 10 sources are associated with hub-S. The main
difference arises in the number of infrared sources classified
in the Stage 0/I (dominated by an infalling envelope): there
are 10 YSOs in hub-N while hub-S contains only 6 YSOs in
this stage of evolution. In both hubs, there are 3 YSOs in the
more advanced evolutionary stage (Stage II, which have opti-
cally thick cicumstellar disk), and in each hub one source has
been classified as ambiguous. Interestingly, the YSOs in hub-
N appear to be more clustered around the bright millimeter
condensation MM1a (see left panel in Fig. 4).
We report in Table 6 the ratio between the number of in-
frared sources without a millimeter counterpart and the num-
ber of millimeter sources within a region 0.3 pc of diame-
ter. In this case, we do see differences between both hubs:
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NIR/Nmm ≃ 1.7 in hub-N in front of 0.4 in hub-S. Thus, the
relative number of infrared sources in front of the millime-
ter sources is larger in hub-N by a factor ∼ 4. Most of the
objects associated with hub-N are more evolved YSOs than
in hub-S, which still harbors deeply embedded objects in an
earlier evolutionary stage. Therefore, the cluster of low-mass
protostars detected in the infrared and associated with hub-N
could effectively heat the gas and thus prevent fragmentation
(Krumholz 2006; Krumholz et al. 2007).
Thus, the evolutionary stage of each hub could provide an
explanation to the observed differences in the fragmentation
level. Clearly, this scenario should be further investigated
together with the information of the magnetic field at small
scale.
6. CONCLUSIONS
We present 1.3 mm continuum observations carried out
with the SMA toward hub-N and hub-S of the IRDC G14.225-
0.506 complemented with single-dish continuum observa-
tions at 870 and 350 µm conducted with the APEX and CSO
telescopes. The main findings of this work are summarized as
follows.
1. The two hubs presented in this work show different
level of fragmentation in the millimeter range. Toward
hub-N we find 4 millimeter condensations, while hub-S
displays a higher degree of fragmentation, with 13 mil-
limeter condensation detected within a field of view of
0.3 pc of diameter.
2. We fitted simultaneously the radial intensity profiles at
870 and 350 µm and the SED assuming spherical sym-
metry. In both hubs the radial density is well described
by a Plummer-like function with a power-law index of
2.2, a central density of ∼ 1.3 × 10−18 g cm−3, and a ra-
dius of the flat inner region of 21000 AU, while temper-
ature can be described as a power-law function with a
power-law index of 0.34 and a dust emissivity index of
1.8. The differences in the fragmentation level cannot
be explained by the density and temperature structure
of these hubs.
3. The CFE is 3 % and 13 % in hub-N and hub-S, respec-
tively. The derived masses and the observed number of
fragments are consistent with pure thermal Jeans frag-
mentation, while adding non-thermal support implies
that these hubs should not fragment. The level of frag-
mentation can thus be explained without invoking the
presence of turbulent support.
4. All the derived properties such as the level of turbulence
and magnetic field are remarkably similar in these hubs.
In particular, the non-thermal turbulent contribution to
the velocity dispersion is ∼ 0.6 km s−1 in both hubs, and
despite internal motions are slightly supersonic they do
not seem to dominate at scales of 0.15 pc. On the other
hand, both the value of the magnetic field as well as
its orientation with respect to the main hub axis are re-
markably similar in both hubs. Differences in the po-
larization properties at smaller scales, not traced by our
H-band polarization data, could provide a reasonable
explanation to the observed differences in the fragmen-
tation level: a stronger magnetic field would suppress
fragmentation, as it would be the case of hub-N.
5. Evolutionary effects and possibly feedback effects from
the UV radiation of a nearby massive B1 star in hub-
N could be an alternative explanation for the observed
differences in the fragmentation level in these hubs.
In summary, our analysis of the fragmentation level in the
twin hubs of the IRDC G14.2 reveals that the fragmentation
process at scales & 2000 AU is more consistent with pure
thermal Jeans fragmentation than with fragmentation includ-
ing turbulent support, and that agents such as the magnetic
field, the evolutionary stage, and radiative feedback might be
crucial and need to be considered in future work.
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